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EARTHQUAKES 


What causes these devastating natural 
hazards and what are we doing to 
predict and prepare for them? 
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How does thisseismographicmap ™ 
illustrate the volatile nature of the, « 
Pacific hutch of oe 2 
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phenomena that have allowed mere 
carbon to evolve into lifeforms 
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® Earthquakes are one of our planet's most 


destructive natural hazards, with the 
~ ability to flatten entire cities, trigger 

UCR EM CROe Meee mele gran nn ines 
in their path, and cause a devastating loss of life. 

Part of an earthquake's immense power lies in 
LeMM TATA) eoet mee) Ata Ree MOLTO LU rei doe ech ORL I Cs 
Ua eae Arche nDD etc Weee a MR eelecleULac Teel le) 
time to get to safety. Although we do not know 
ORM NADIR eae RecTeR OC l MMO Tecan TyY 
TCM UMMC OH Ae SIMONE Oe RCaRe ea cesrel VU cerenel 
Een Cheese 

The thin top layer of the Earth, knownas the 
MAU CONOR COR eel Bele lock dies los 


Sere toe aia eg 





ha the eee below the crust, ne Otte 
the plates in different directions. 

As the plates move, they collide, split apart or 
slide past each other along the plate boundaries, 
creating faults where the majority of earthquakes 
WMM OPM ON eNO Oe eae oe aes 
boundaries the plates are moving apart, causing 
HCAS UUE UM ELPULASBO Or CO MTOM SiMe) cee Teme aT 
LOPS en | PATO MO MCSB INO SR COL Tee mss MORON TSTE 


along convergent or destructive plate boundaries, 


WteAWeas Cts P Gace cet meee een 
colliding to form mountains or sliding below the 
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boundary, and involves the two parallel plates 
sliding past each other to create a strike-slip fault. 
Being able to identify these fault lines tells us 
where earthquakes are most likely to occur, 
PAM MOP emcee TMCV cec Tt CR Meck as 
ESO MMUVIR COR OCU Tee VMN COLOR Ob oars eer aY 
effects of an earthquake, such as landslides and 
fires from burst gas lines, can be fatal, the main 
cause of death and destruction during 
earthquakes is usually the collapse of buildings. 
Therefore, particularly in developed parts of the 
CS eae MAP ec Bale se MORE UNM ODe Cocos Decne NI Mae 
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FACTS 


Animal inspiration 


Scientists are trying to mimic 

the threads that musselsuseto + 
stay attached to their shells in 
order to develop construction 
materials that are ngid but 

flexible for absorbing shock. : 


Invisibility cloak 


Dubbed the “seismic invisibility 
cloak’, 100 concentric plastic 
rings would be buried beneath 
the foundation of a building 
and deflect the surface waves 
around the structure. 


* giant cardboard tubes reinforced with 


Architect Shigeru Ban has 
designed a church made of 98 


* wooden beams. The cardboard is 


sturdy but lightweight, so would 
cause litthe damage if it collapsed. 


- Plastic wrap 


Fiber-reinforced plastic wrap 
could go around supporting 


* columns in existing buildings. A 

* pressunsed adhesive would then 
» bepurmped between the column 
» andthe wrap. 


| Smart materials 


Shape-memoary alloys (SMAs) 
can return to their original 
shape atter experiencing 
$trong foraes, so could be used 
in place of steel and concrete 
for more resilient buildings. 





QUAKE-PROOFING 
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There ore co 500,000 earthquokes In the world each yeor, but only 100,000 con be felt — 100 of them couse d 


cep 


Estimated number of 
people killed bythe 
world’s deadliest 

Parthquake 1 









Types of plate 

There are two main types of 

crust: continental and oceanic, 
_ Continental crust islessdense | 
and much thicker than oceanic. 


Tectonic plates" 













Rate of movement 
Plates move between 0-10cm 
| (0-4in) a year on average. The 
San Andreas Fault zone is moving 
at about 50mm (2in) a year - the 
speed your fingernails grow. 
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Pacific Ring 
of Fire 

The plate boundaries 
around the Pacific 
Ocean make up what is 
known as the Ring of 
Fire, an area where 90 
per cent of the world's 
earthquakes occur. 






Supercontinent 
Pangaea was a supercontinent 
made up of almost all of the 
Earth's landmass. It began to 
break apart about 200 million 
years ago, eventually forming 
the continents we have today. 








ea 





adapted to withstand violent shock waves. The 
surrounding population will usually carry out 


The Earth’s 


regular earthquake drills, such as The Great structure 
California ShakeOut, that gives people a chance to Cut through the different 
practise finding cover when a quake hits. layers of our planet 
Unfortunately, many poorer areas cannot afford 
to be so well prepared, and so whenan 
earthquake strikes, the resulting destruction is Crust 

: ; The crust is the rocky 
often even more devastating and the death toll is outer layer of the Earth 


and is 40km (25mi) 
thick on average. 


usually much higher. 

However, our knowledge of how earthquakes 
work and the development of new technologies are 
helping us to find potential methods for predicting 
when the next one will strike. Scientists can 
currently make general guesses about whenan 
earthquake may occur by studying the history of 


Lithosphere 

The lithosphere, which is 
about LOOkm (62mi) deep 
in most places, includes the 
harder upper portion of the 


seismicactivity in the region and detecting where mantle and the crust. Mantle 
pressure is building along fault lines, but this on! Liege lie 

ee hp alone ee ny approximately 2,900km 
provides very vague results so far. The ultimate (1,800mi) thick and is 


made up of semi-molten 


goal is to be able to reliably warn people ofan 
rock called magma. 


imminent earthquake early enough for them to 


prepare and minimise the loss of life and property. 
Until then, being under the constant threat ofan 
impending earthquake is unfortunately part of 
everyday life for those living along the Earth’s 
constantly active fault lines. 


Outer core 

The outer core is a liquid 
layer of iron and nickel 
and is about ?7,000km 
(1,430mi) thick. 


Inner core 

The inner core is made of 
solid nickel and iron, with 
temperatures of up to 

5, 200°C (9,5930°F). 
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“Underwater earthquakes can 
sometimes trigger enormous | 
destructive waves called tsunamis” 










A t Fault lines Mountain formation 
Mia O my . | When two continental plates 

| | How the Earth’s crust collide along a reverse (thrust) 
moves along different fault, the Earth’s crust folds, 


of an paeieaeeree eta ala 
How earthquakes are 
caused and shake the 
ground beneath our feet 


Earthquakes are caused by the build-up of 
pressure that is created when tectonic plates 
collide. Eventually the plates slip past each other 
and a huge amount of energy is released, sending 
seismic waves through the ground. The point at 
which the fracture occurs is often several 


<a ; Sie telereen 
Southwest Asia formed as 


Eee ee el ela ele, 





Fee a ele 
colliding 


kilometres underground and is knownas the 
focus or hypocentre. The point directly above it 
on the surface is the epicentre, and this is where 
most of the damage is caused. Earthquakes have 
different characteristics depending on their type 
of fault line, but when they occur underwater, 
they can sometimes trigger enormous destructive 
waves called tsunamis. 

The East African 


Rift valleys we Rift Valley is caused by the 
- A normal fault occure OV ea ers ame) esl cem test el ers hme een 
How earthquakes occur Sa Rec Ren nmnT ee (Sent 
The build-up of pressure that causes the move apart. On | Sa Lc 


ground to move and shake continents a segment 

| of the crust slips 
downward to forma 
rift valley. 


Friction causes 
pressure 

As the tectonic plates 
are pushed past or 
into each other, 
friction prevents 
them from moving 
and causes a build-up 
of immense pressure, 


Subduction zones 
Reverse (thrust) faults 
between continental and 
oceanic plates cause 
subduction, causing the 





- higher-density oceanic 

Tsunamis plate to sink below the 
Energy is How underwater earthquakes trigger continental plate. 
releg enormous and devastating waves 
When the pressure 
finally overcomes | Water Small Tsunami 
the friction, the displacement beginnings in disguise 
plates will suddenly As two oceanic plates Small, rolling waves begin The tsunami's long wavelength 
fracture and slip past slip past each other and to spread outward from and small wave height - usually 
each other, releasing cause an earthquake, a the earthquake’s epicentre less than Im (3.3ft) - means 
energy and causing a huge amount of water at speeds of up to that it blends in with regular 
seismic waves. eat above it is displaced. BO5km/h (S00mph). ocean waves. 


The process 
starts again 
Once the energy has 
been released, the 
plates will assume 
their new position 
and the process will 
begin all over again. 
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MOST POWERFUL EARTHQUAKE 
The largest earthquake ever recorded happened on 22 May 1960 


in southern Chile. It was caused by the subduction of the Nazca 
Plate under the South American Plate. 


RECORD 


SI al Cad a oe 


eM uel 


PMY Tsunamis and tidal woves ore different things as the latter is coused by gravitational activity, not earthquakes 


Ea, Gee ea 
‘ eet Amu bole ier 
ei y lela tn ee Plate~ 
moving in th F r 


ame direction 
Besley liad: e=lajae) a =ttel) 


Pi 










Ocean ridges 

When a normal fault occurs 
between two oceanic 
plates, new magma rises 
Up to fill the gap and 
creates ocean ridges. 







_—— | strike-slip faults 
— => _ When two plates slide 
= —. ak past each other 
— ie = horizontally, this is known 
ot ail EIR as a strike-slip or 






transform fault. 


PCC piaage 


Depth ofthe deepest y a \ | 
Sed Mele U Esters = | 


The tsunami strikes 

A few minutes later, the 
tsunami's crest will hit the shore 
followed by a series of more 
waves, called a wave train. 


Early warning 

4 tsunami’s trough, the low 
point beneath the wave's crest, 
often reaches shore first, 
producing a vacuum effect that 
sucks coastal water seaward. 


Starting to slow 

As they reach the 
shallower waters of the 
coast, the rising sea floor 
causes friction that slows 
the waves down. 


Waves begin to grow 
As they slow down, the 
wavelengths begin to shorten, 
causing the tsunami to grow 
to a height of approximately 
30m (LOOT). 
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Earthquake waves 
How seismic waves travel 
through the Earth's crust 

Direction of 
rock movement 






Primary wave 
P waves travel back and forth through the 
Earth's crust, moving the ground in line 
with the wave. They are the fastest moving 
of the waves, travelling at about 6-l1km,‘s 
(3.7-6.8mi's), and so typically arrive first 
with a sudden thud. 

Direction of 
Wave travel 


Secondary waves 
S waves move up and down, 
perpendicular to the direction of the wave, 
causing a rolling motion in the Earth's 
crust. They are slower than P waves, 
travelling at about 3.4-7.2km/‘s (2.1-4.5mi/ 
s), and can only move through solid 
material, not liquid. 





Love waves 

Unlike P and S waves, surface waves only 
move along the surface of the Earth and 
are much slower, Love waves, named after 
the British seismoalogist AEH Love, are the 
faster of the two types and shake the 
ground side to side, perpendicular to 
direction of the wave. 





Rayleigh waves 
Rayleigh waves, named after the British 
physicist Lord Rayleigh, are surface waves 
that cause the ground to shake in an 
elliptical motion. Surface waves arrive last 
during an earthquake but often cause the 
most damage to infrastructure due to the 
intense shaking they cause. 
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“Early-warning systems give people 
g few seconds or minutes to prepare 
before the earthquakes hit” 








How a seismograph works 


The clever device that 
records earthquakes as 
they happen 




















Weight and spring 
A heavy weight is hung from a spring or 
string that absorbs all of the ground 
movement, causing it to remain stationary. 





methods of the past 
and present 


Earthquakes are measured using an instrument 


Pen and paper 

The difference in position 
between the shaking 
paper and the motionless 
weight and pen is 
recorded as wiggly lines. 


calledaseismograph, which produces a visual 
record of tremors in the Earth's crust. This shows 
the seismic waves of the earthquake as a wiggly 
line, allowing you to plot the different waves 
types. The small but fast Pwaves appear first, 
followed by the larger but slower S waves and 
surface waves. The amount of time between the 
arrival of the P and S waves shows how faraway 
the earthquake was, allowing scientists to work 


Base 
out the exact location of the epicentre. The size of : The base of the 
the waves also helps them determine the ae fs Se dle : sits ; : vt 

; 5 ie 12 ee a ! ground and shakes wi e 
magnitude or size of the earthquake, which is Pa eae Than sus ieliabes ales <heikirie 


measured using the Richter Scale. 


pe | sade 


the roll of paper on top. 





Soy eR=Siglieejee sais v de , f , 8 i , ae 
seismograph i it j 
resembled a wine jar i. ni, 
TEM leRs Mel ng eciccs =e 
enol ae, 


Modern seismographs 
send small electric siqnals 
[ieee an) eine ews ne eee 
them on paper 





| apni i mH) 


5.0-5.9 


‘ ni i 


Richter + | 


The Wd 0 Hh | Hd) bi | byt | vil —voh 
scale 0-2.9 30-39 4.0-4.9 





Measuring the magnitude There are more Minar earthquakes are felt Felt by all, light A moderate earthquake 

of earthquakes using US than 1 million by many people but cause earthquakes occur causes some damage 

seismologist Charles F micro earthquakes no damage - there are as up to 15,000 times to weak structures. 

Richter’s system ayearbuttheyare manyaslO00,000 ofthese ayearand cause There are around 1,000 
not felt by people. a year. minor breakages. of them a year. 
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Thee ere Formed enn ns er ee eee eclos bee hee Frees bee ke sa OFC ie Chie’ Chesandeanc mreiarers 
The eorlest recorded evidence of on earthquoke hos been traced Dock to 1837 BCE in Chino s Shondong province 
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Radar mapping 


One of the more recent developments in 
earthquake monitoring is interferometric synthetic 
aperture radar (InSAR). Satellites, or specially 
adapted planes, send and receive radar waves to 
gather information about the features of the Earth. 
The reflected radar signal of a fault line is recorded 
multiple times to produce radar images, which are 
then combined to produce a colourful 
interferogram (below), Each colour shows the 
amount of ground displacement that has occurred 


Laser beams are used to detect 
small movements of the 
age eae ie a1 ee ee | 


Predicting ea 


Modern methods that could help 


us plot future seismic activity 
Currently, earthquakes cannot be predicted far 
enough in advance to give people much notice, 
but there are some early warning systems in 
place to give people a few seconds or minutes ta 
prepare before the serious shaking starts. When 
seismometers detect the initial Pwaves, which 
don't usually cause much damage, they can 
estimate the epicentre and magnitude of the 
earthquake and alert the local population before 
the more destructive 5 waves arrive, Depending 


warnings can be issued when strong motions are 
detected in any of these. 

To be able to predict earthquake furtherin 
advance, a characteristic pattern or change that 
precedes each earthquake needs to be identified. 
One suggestion is that increased levels of radon 
gas escape from the Earth's crust before a quake, 
however this can also occur without being 
followed by seismic activity, so does not provide 
conclusive evidence ofa earthquake. 


between the capturing of each image, mapping the 
slow warping of the ground surface that leads to 
earthquakes. This technique is sensitive enough to 
detect even tiny ground movements, allowing 
scientists to monitor fault lines in more detail and 


detect points where immense pressure is building 
up. It is hoped that this data will eventually enable 
scientists to tell when this pressure has reached a 
hazardous level, leading to more reliable 
earthquake predictions that give the public days or 
even weeks to prepare. 


on their distance from the epicentre, people 
should then have just enough time to take cover, 
stop transport and shut down industrial systems 
in order to reduce the number of casualties. 
Scientists are also enlisting the help of the 
general public to help them develop early 
warning systems, The Quake-Catcher Network 
(OCN) is a worldwide initiative supplying people 
with low-cost motion sensors that they can fasten 


scientists are even trying to determine 
whether animals can predict earthquakes better 
than we can, but no widespread unusual 
behaviour has been linked to earthquakes. 
Other potential earthquake-predicting methods 
are being tested in Parkfield, California along the 
san Andreas fault. Among other things, 
scientists are using lasers to detect the 
movement ofthe Earth's crust, sensors to 
to the floorin their home or workplace. These monitor groundwater levels in wells, anda 
sensors are then connected to theircomputerand magnetometer to measure changesinthe 
Earth's magnetic field, all with the hope that this 
will allow them to predict the next big quake. # 





send real-time data about seismic activity to the 
QCN’s servers, with the hope that earthquake 


 Hupenp ’ Dreamstime: Thinkstock: The Art Agency lan jackson: NASAS European Space Apemcr Corbis: crtextures 


6.0-6.9 
Over 100 strong 
earthquakes happen 
each year, causing 
moderate damage in 
populated areas. 


7.0-7.9 


A loss of life and serious 
damage over large areas 
are the result of major 
earthquakes that happen 
around ten times a year. 


8.0 & higher | 


There are fewer than three 
earthquakes classed as 
‘great’ each year, but they 
cause severe destruction and 
loss of life over large areas. 
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“The Pacific Ring of Fire i knows 


gq moment's peace, playing nost to go 
per cent of the world s earthquakes © 








A century of 
earthqu 
How does this seismographic map illustrate : 
the volatile nature ofthe PacificRingofFire? pe 


ow The coastline along the Pacific Ocean 
WER SM OSTM OLctjUM Gate ORCO ROLE OR: Nasr) | 
= intense seismic activity. Violent 
Te) tere H OCMC SMCS (OU Mec hs btom tem ted merck] een 
earthquakes are prolific either side of the 
International Date Line. This 40,000-kilometre 
(25,000-mile), horseshoe-shaped area around 
WeleRuel tec cat eee Beas COM uA ATO eMesE Caan 
Indonesia and Japan, past Russia, across the 
ei MUOee Ge Tie TOM OTA MOC IRAN cca me ls ime) 
GH tsWAUNNCsJ@ COs ERM OL) Nm els (eas Mele U a Leen cee: OE 
known as the Pacific Ring of Fire. It rarely 
knows a moment's peace, playing host to 90 per 
cent of the world’s earthquakes - and 84 per 
cent of the planet’s biggest earthquakes, a 
product of multiple plates colliding, slipping 
over and subducting under one anotherina 
giant, non-stop game of tectonic Twister. 
Since Thomas Gray, James Alfred Ewing and 
ee P OM csa Lele M OU em nee Cee mcoe TIO) Nitsa ds 
MORO wEcLico ine eae MOREL | 
esa AU OOM -Tee cele PUR OPE- Bch e) ames meee A 





since the Sixties that scientists have adopted 
MIO CcmieteaMele eet eaesle) sce Mem Camecees itn GOT 
tectonic dynamics -and there have literally 
been millions of earthquakes recorded since, 
WTOP DM ica Mats hem el e IRA OL O Ott ome alae : ., ; ' 
percentoftheearthquakesinthisimagehave © - | P “ oe a 
WTS SUE MC LUM MeL Meee ese ce Leen) . . 
CereL POAT elm CORO eR e 00 el eee eee Lea tee)i Pa 
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TNT exploding), less than two per cent have — : a 
been a considerable magnitude 6.0 (15 kilotons) | a ‘ ; . -« ~~ 
VOOR MORO M Naame ew need esal ay . Pd / 
magnitude 8.0 (ie 15 megatons) or above. e afl. a - 

PPM UeUEDOOLUELO ele) NPR UOLUR ec Rotem tite D OL me) ATs : ae — 
last century's most famous earthquakes. These ' oan : . ee alo - 
Hele etem aa temvuEce at TMU CeCoee MSMR THOT me LET omny et P ; aA : P 
the Banda Sea that caused huge tsunamis in ; : .? — 
septs C= ESDINTOL OBO Hen Late CMrAe eT aaa Tepe iid i ¢ 
that practically razed San Francisco in 1906; . 
and the biggest-ever recorded earthquake, the 
magnitude 9.5 monster whose epicentre shook 
SOL SMP RM OUICMCOR OMe IMLS ete 


Ole tema ene ee ee ST el 


Valdivia WAG Chicatus aoe SGR 
eg earthquake WT iipact 1806-20 
ee This. magnet ude qe, ts s ectimated that the h beheriotn bie! 4 
Hani rire 60 asthe s dos a | a ae 
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Creating the 
earthquake map 


In essence, creating this chart was a fairly 
simple but painstaking process. John Nelson and 
the team at data visualisation company IDV 
Solutions compiled data from the Advanced 
National Seismic System (ANSS) - a catalogue 
af millions of recorded earthquakes since ae 
i : : : 4 a - and sorted them by intensity. Earthquakes o 
> ie. e a > SS . ee. OS ; to : magnitude 4.0 through to 8.0+ were given a 
a oe Le ‘ ie he . green dot and placed according to the epicentre, 
with brighter dots representing stronger seismic 
events. The resulting blur of green highlights the 
wolatility of the Pacific Ring of Fire, with the 
most powerful earthquakes visible as distinct 
pinpoints of intense green-yellow. 
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» The Pe and tsunami that 
devastated north-east Japan in 

~ March 2011 demonstrate the 
terrifying power of these natural phenomena. 
Almost 16,000 people died and more thana 
million buildings wholly or partly collapsed. 

Ayear after the event, 330,000 people were 

LGU M PARTE POM elec) ee) eee CCN Lea 
accommodation, unable to return home. 
A further 3,000 people were still listed as 
missing. The gigantic tsunami waves spawned 
by the earthquake inundated the power 
supply and cooling of three reactors at the 
PUM UEODR UTM OLD NCO M Sle mies ee) 


O)MAne eam eg cs 


tert {aes make days Be ne a - 
Quakes elsewhere in space? Find out ona 


“The volcanic island chain of Indonesia 
probably experiences the most 


tie 
SAV Sats @)0).\ 6S.) earthquakes based on landmass" 











earthquakes 
Weal i hot 
weather? 









subsequent nuclear accident — the worst since 
MM itelgntee, meta iPere mn ciyaCeh ia (elem ar ben cam 
Earthquakes are unstoppable and strike 
TOM eM OLA eee) mae rs Per enn em e]U TM m oe pCi ies 
OVUM E Le Aa 
Scientists have developed networks of 
sensors for monitoring ground movements, 
changes in groundwater and magnetic fields, 
which may indicate an impending quake. 
Engineers, meanwhile, have created new 
forms of architecture to resist earthquakes 
COMM Oy MOlOR- em tome nL LAGU MPP aM iced mele Lee 
Cece Weeder iC ee 
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Cloaking device - Get braced - Steeling up - Rubber feet - Symmetry 

1 A‘cloak' of concentric plastic ; Engineers strengthen : Buildings made of structural ; The building sits on leacl- : Box-shaped buildings are more 
rings could protect future ' buildings against twisting . steal or reinforced with steel . 4 rubber cylinders, bearingsor * resestant than irreguiar-shaped 
buildings fram quakes. Waves : forces by building around a : beans are less brittle than springs. These sway . ones, which tevist a5 they 






of vibrations would be diverted — - skeleton af diagonal : unreinforced brick orconecrete — - horizantally when a quake hits « shake. Each wing of an Lor 
QUAKE ee) Le | in an are around the building, . crossheams, vertical shear ' buildings, and can flex when ® to reduce the sideways * T-shaped building may vibrate 
J saving it fram damage. ; Walls and steel frames. ; swayed by an earthquake. ; movement of the structure. : separately, increasing damage. 
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3. What ts Earth’s crust made of? 


The crust consists of rock broken into moving slabs, miles) thick, deepest beneath mountain ranges. 
called plates. These plates floatonthedenserrocksof Ocean floor crust is thinner-on average six 

La eCemaircbalM (cme: Oia (a qQtm the) me Orem nem eeed eee 8) ee Dts kilometres (four miles) - and mainly made of denser 
core and the crust. Granite is the commonest rock in volcanic rocks, such as basalt. Granite is 75 per cent 






Witee wat EL MO Orem Ont D Com POR tO aNd e een) O noe WOR oxygen and silicon. Basalt is denser as the siliconis 

continental crustis an average 35 kilometres (22 contaminated with heavier elements like iron. 

Pacific Plate mere Vaisa tet p African Plate eet lc What are tremors? 
Earth’s asi plate is Plate This plate carrying the The Himalayas, Earth's PWrasuGy atest ii 

among the fastest moving, eee eee ea) African continent carries highest mountain range, is rr 

travelling north-west some America and some of ee PEM MacRae oR ed rising as the Indian Plate Delage 
meat = eae Ud au LAs MIM em Oot ors nm Lele ancient crust - up to 3.6 nde ae ele are earthquake. It’s also another 
Dstt) aes ie ail on this plate. wit years old. ae rasian Plate. word for the vibrations vale 








experience when a quake 
hits. The earth trembles 
because movement energy is 
this PUR PIR Baau epi t toe 


causing the ground to vibrate. 
Pate et ty Bede ei a 

a tell how far away an 
Peat em ere ied 
Scientists use a seismometer 
to record earthquake waves 


called P and S-waves. P-waves 
travel faster than S-waves and 





fers POm ele meee Pree mE et ete me ey 
measuring the delay between 
de Wari tiem ih ces ieee hale 
they can calculate the 
distance the waves travelled. 








Nazca Plate South American Plate Antarctic Plate Indo-Australian Plate rime M eer lal Cet 
The Nazea Plate located Obits wece) items) mere ideal ig cer ee ema ats es The Indo-Australian Plate , recorded Telit 

off South America's with the Nazca Plate is lifting ago, the Antarctic Plate may be splitting apart to in history? 
west coast is one of up the Andes, our planet's was joined to the bfe) eae ers esas ee are Dats TEL co elt 
several smaller plates. langest mountain range. Per) Ela nee Australian Plates. The first earthquake 


described was in China inii77 





4. Did the 2011 quake ARV a Ae 060 
in Japan sho rten the. 5. ies is the shadow descriptions of the effects of 
days on Earth? 


Yes, but you're unlikely to notice. Every day is 


rde)lal= of 1h earthqua C= Veg earthquakes were published 


worldwide, although of course 

A shadow zone is the location on the Earth's surface at an angle 
; ' fame SET Reale gtote ee nme (rs | oem ees] Melo dee ob od Mul Ete etic 
now 1.8 microseconds shorter, according to’ any S-waves or direct P-waves. S and P-waves are seismic exapperated and less detailed 
NASA. The Japan earthquake made Earth spin waves that can travel through the ground. Seismic waves are eC ene 
Pees ee za kp ee eee . ere ee eee UREN Mette er eM Re es] A 

L Se ei He bebe shies lesb ius zone occurs as S-waves can't pass through the Earth's liquid | - 
mass ts balanced around the figure axis, and it eM ismee ee Mae esc ieetm teh oh mate le life Real =e snianepeateieandimeiand 
wobbles as it spins. That wobble naturally on a seismometer 
changes one metre (3.3 feet) a year due to reading represent? 


moving glaciers and ocean currents. The 2011 6. ars ‘as I s the qu a Pcs) capital? The wiggly lines ona 


Tohoku earthquake moved the ocean bed near 

Japan as much as 165 metres (53 feet) vertically Around 90 per cent of earthquakes occur on the so-called Ring of POND e se) eat ae 
and 50 metres (164 feet) horizontally - that's Fire, a belt of seismic activity surrounding the Pacific Plate. The Ring waves recorded. The first big 
the equivalent horizontal distance to an Olympic of Fire is a massive subduction zone where the Pacific Plate collides 
swimming pool! The shifting ocean bed with and slides beneath several other crustal plates. Most 
increased Earth's wobble around the figure axis earthquakes are measured in Japan, which lies on the Ring of Fire at second set of wiggles are 
by 17 centimetres (6.7 inches). As the wobble the junction of the Pacific, Philippine, Eurasian and Okhotsk Plates. S-waves. If the latter are 
grew, Earth sped up its rotation. It's the same Japan has a dense earthquake-monitoring network, which means 
principle as when a figure skater pulls their arms scientists can detect even small quakes. The volcanic island chain of elt Sal eae CALs. 
closer to their body in order to spin faster. Indonesia probably experiences the most earthquakes based on on the other side of the planet. 
ET Eee ae sh ism mem Cai ime et ata ee) me wate Ge 


wiggles are P-waves. The 
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5. Waves grow 
The tsunami slows to 
30km/h (9mph) but 
grows in height as it 
enters shallow waters. 


1. Earthquake 
Two plates are locked 
together. Pressure 
builds until they slip and 
unleash stored energy 
as an earthquake. 

ie 


“Seismometers on the Moon detected 
tidal ‘moonquakes caused by the 
pull of the Eartn's gravity © 


15. How 
thick is 
the Earth’s 





Y. Wave breaks 
The wave crests and 
breaks onta the shore 
because wave height is 
related to water depth. 


4. Tsunami waves form § 


The waves are small, perhaps 
0.5m (L.6ft) high, in the deep 
. ) ocean. The wave crests are 
, 3. Water rises hundreds of kilometres apart. 
~ | A column of water is = 
pushed upwards and 
outwards by the seabed. § 


SG. Ex eat Sahat | 
. Water may appear to rush 
§ offshore just before a 
= tsunami strikes, leaving 


ai a ‘Seg floor lifts 


A plate is forced to rise 
ay, the ee uake. 


the seabed bare, 


Earthquakes trigger ET by generating 
ripples, similarto the effect of sloshing waterina 
glass, Tsunamis are giant waves, which can cross 
oceans at speeds similar to jet aircraft, up to 7oo 
kilometres (435 miles) per hour, and reach heights of 


13. Are there different 
types of earthquake? 


Strike-slip fault 

Roads can be sheared apart along 
strike-slip faults. They're straight 
cracks in the crust where two 
plates are sliding horizontally 
past each other, Every time a 
section of the fault moves, an 
earthquake occurs. 


Normal fault 
Earth's brittle crust becomes 
fractured along fault lines. 


Quakes occur along a normal 
fault when the two sides move 
apart. Rock slabs sitting above 
the fault slide down in the 
direction the plates are moving, 
like at the Mid-Atlantic Ridge. 


Thrust fault 
The 2011 Tohoku quake ruptured 
a thrust fault in a subduction 
zone. These zones are associated 
with Earth's most violent quakes 
as oceanic crust grinds beneath 
continental crust, creating great 
friction. Huge stresses can build 
here and release the same energy 
as a thousand hydrogen bombs! 





014. | How It Works 





: 8. Tsunami strikes 
— The giant wave rushes 


20 metres (66 feet) as they hit the coast. They sweep — 
TVEUSM CTC mete hiB arbi iT ce jel e ec ORL Mh 
people and buildings alike, For example, the 2004 
Indian Ocean tsunami claimed 300,000 lives and 
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The Pacific Plate is mainly 
oceanic crust, which is 
Prelate tame Tae a= 
continental crust - about 
ye) ec nada 


San Andreas Fault 
The San Andreas 5 a 
strike-slip fault created by the 
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© inland, drowning people ct left behind as the = Pacific and North American 
= and destroying any boats # | water rushes back a aL secede erie 

& or buildings in its path. 5 towards the ocean. ae | 
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Primary (compressional) waves 
P-waves are the fastest waves created by 

17. Do earth iaiaa 
happen off Earth? 


an earthquake. They travel through the 
Earth's interior and can pass through both 
rae ROM Oe) Gcl eee ee Denes) cog 
ground back and forth - like a Slinky - 
their travel direction, but do little damage There's evidence of ‘marsquakes' on Mars as well 
as they only move buildings up and down. as quakes on Venus. Several moons of Jupiter and 
Titan - a moon of Saturn - also show signs of 
quakes. Seismometers on the Moon detected 
tidal ‘moonquakes' caused by the pull of the 
Earth's gravity, vibrations from meteorite impacts 


can (Wy | ( ll 0 | 0 i { (On nd 
and tremors caused by the Moon's cold crust 


wana 
aia to va 
warming after the two-week lunar night. 









Peat pte Ws Waid 
S-waves lag behind P-waves as they travel 
1.7 times slower and can only pass 

Teele ear eM ere ee mae eae 
damage because they're bigger and shake 
the ground vertically and horizontally. 


“Sheeler 
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Shaanxi, China, 
1556 (mag 8. 0) 
Around 830,00 | 

a eae 


Tohoku, Japan, 
2011 (mag 9.0) 
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North American Plate 
Deere ee eel eee 
moving north-west by about 
Prep meee ayers redg =e ame 
south-east relative to the 
faster Pacific Plate. * 


--~» Pacific Plate 
ah ee ice emaei 
Ch) a oy es | ae 
annually; it will bring San 
Francisco alongside Los 
Angeles in around 15 
NL Ce) Om cars| am Loe 
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Lithosphere Asthenosphere 


' Inside San Andreas 
The fault is around 16km 
(lOmi) deep and up to 
sO aneemes Cie Ri ele 
Teste ee Tne 
and pulverised rock. 


About 100-350km 

(62-21 /mi) below Earth's 
surface is the 

SEU is] tome Rm 
hot, weak mantle rocks 
that flaw slowly. 


19. Could Africa ever 
be split from Europe 
by an earthquake: 


OU ate w elec Came sei ers aed ot tes] e-M elm e) ase see 
actually moving towards each other at about one centimetre 
(0.4 inches) each year. In the future, it’s possible that the 
Eurasian Plate may begin to slide beneath the African Plate. 
Even if the plates were moving apart, you'd need a mega-quake 
em Tied eee eh eee) elm ate eee eee ea 
fault long enough to create a mega-quake above magnitude 10. 
The most powerful earthquake in history was magnitude 9.5, 


The top of the mantle and 
Umea eee 
as the lithosphere, which is 
about 100km (62mi) thick, 


20. How man oe 
jumping wou 

take to re-create the 
same reading as the 
Tohoku earthquake? 


You'd need a million times Earth's population, all 
jumping at once, to generate the energy released 
by the March 2011 Tohoku quake. How do you 
calculate that? You assume Earth's population is 
10 billion and each person generates 200 joules 
of energy by jumping 0.3 metres (0.98 feet). 


21. How did the Japan Trench form? 


A 390-kilometre (242-mile) stretch of the Japan Trench is associated with 
Japan's 2011 Tohoku earthquake. The trench is a vast chasm in Earth's crust at 
the junction between the Pacific Plate and tiny Okhotsk Plate beneath Japan. 
The Pacific Plate is moving westwards and diving beneath the Okhotsk. Friction 
between the two plates causes them to lock together and pressure to build. 
Sudden slippages release the tension ina violent burst of energy. 


tat ee 
quakes last? 


10-30 


Japan island arc 
Japan is a chain of 
islands formed when 
underwater volcanoes 
grow large enough to 
poke above the ocean. 


Volcano 


Water from the Pacific 


Plate helps melt 


overlying mantle rocks, 


Volcanoes form when 
this rock explodes 
through the crust. 


Okhotsk Plate 
The Okhotsk is a 
continental plate that 
lies beneath the 
northern part of Japan. 


Subduction zone 
The Pacific Plate slides 
beneath the Okhotsk Plate 
because it is made of 
denser oceanic crust, 


Pacific Plate 

The oceanic Pacific Plate 
hits the much smaller 
Okhotsk Plate as it moves 
west towards Japan. 


Japan Trench 

The trench is one of the 
deepest points in the 
world's oceans, up to 9km 
(5,6mi) below sea level. 
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Bs Bey 
| Sy yetkid Fault prone 
} to large quakes? 


OS m GBI tem Tas ell ome eePRNUO hy 
the strike-slip San Andreas Fault has had several quakes 
over magnitude 7. The San Andreas Fault extends 1,300 
kilometres (800 miles) along the coast of California, Whena 
fault ruptures, it ‘unzips’ along its length. Each section of 
aatemCcLO Lm ce) (ses bs=ee ede C sd eh em am eT com em sLTeeme 
energy released and so the bigger the quake. Scientists 
TaN mes teeeT NUMAN ORC tw aT lON@EROl cd ge lCem elas m ele] Caye Lest | 
magnitude 8.1 earthquake over a 547-kilometre (340-mile} 
length. The southern segment has stayed static for more 
See TiR Rett PMA VCORE eee atelele te] Gc-o-t-1-1-B cee] 6 bt Le 


2 Can animals 
predict quakes? 
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earthquakes, but many 
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Tia M etter wie wim einen 
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Y 2 ae 

mo tg Ele eT 
during an earthquake? 
The safest place inside is 
underneath a sturdy table 
away trom light fittings and 
windows. The satest place 
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ALR Oat tie iWMO LUO DCO ba rscws nate 
fy (sta de wae e) (re 
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earthquake would | sink? 
asl Gets ee OOP MPP P RE CAME 
would drown. During an 
earthquake, wet sand or soil 
can behave like quicksand -a 
process called liquefaction. A 
quake vibrates the sand, 
separating the grains so that 
ates vedo: ote e be ee 
extremely unusual and even 
eeCemele CRON esta enn n 
eye (OMe aa thaw aleriecee lta nays 
eee eRea An tiBi ete 


How It Works | O15 


Valdivia, Chile 
1960 (mag 9.5) 
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the Earth 


Beneath the = 











“Earth's crust is made of three 
different types of rock - sedimentary, 
Igneous and metamorphic” 








of 





The composition and structure of the Earth is ever-changing. 
From crust to core, How It Works explores the materials, 
forces and phenomena that have allowed mere carbon to 
evolve into lifeforms and survive in the harshest of 


environments, the universe 


) Since the formation of the Earth over 4.5 
billion years ago, it has continued to evolve 
at every level, with its physical make-up, 

7 atmosphere and physical forces locked ina 
permanent state of flux -—creating, changing and 
destroying in equal measure. It was this ever-changing 
nature of its physical properties - that has continued 
over geological history -as well as the planet's position 
in oursolarsystem, that led to life appearing on its 
surface within its first billion years of existence, slowly 
generating a unique biosphere of organisms that now 
includes us. 

Indeed, itis easy to underestimate how miraculous 
life's existence is considering the planet’s position in the 
hostile environment of space. Extreme temperatures, 
continuous solar winds and massive solar radiation are 
but a selection of factors that the Earthis exposed to 
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every second of every day. These are forces and energies 
that would, without the protective and generative forces 
of Earth, easily surpass the resistance threshold of 
organic life and make ourvery existence impossible. 

Many of these processes emanate through activity 
undertook deep inside the Earth over its various layers. 
For example, rock formation -important for land- 
dwelling organisms -is generated through the volcanic 
activity of its upper mantle and the creative collisions 
and separations of the crust’s plate tectonics. Then 
there's the generation of the Earth’s magnetic field in the 
electromagnetic liquid metal of the outer core - 
important for shielding the planet from solar winds and 
radiation - as well as massive heat generation from the 
super dense, as-hot-as-the-Sun inner core. All these 
processes and forces sustain life on Earth and secure 
our continued survival. 


an onion’s, diay 






The Earth’s core is as hotas 
the surface ofthe Sun 











Uniformitarianism Causeway clash Ouroboros Tried and tested Creator 


Lith Century Persian scholar ™) In the late-18th Century two lt was geologist James Hutton Standard geological tools Volcanoes are one of the 
Avicenna proposed that the groups of scholars fought a who first raised the idea of the consist of a rock hammer, predominant creators of new 
Earth's crust’s rock formation over how Giant's Causeway rock cycle, the process where chisels, a pocket knife and a rocks, fonmed from the cooling 

. eccurs through processes that was formed, one believing rocks are eroded, compacted, storage container, These tools and crystallisation of magma. 
have operated unifonmly from volcanic activity, the compressed and melted have not really changed in These rocks are igneous 
throughout history. other sedimentary. before cooling inte new racks. over 400 years. varieties. 
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ee The Earth’s crust and the 
formation cycle of rocks 


ates it ee on 
composed of granitic and 
fared Gq Slat eEI tat 1d 
Srcmeuntanousprofiesr EXtending from the surface to a depth of 50 
om“ kilometres, the Earth's crust is composed of 
low-density, easily transformed rocks 
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Earth’s crust is made of three different types compaction transforms the particles back 

of rock -sedimentary, igneous and into sedimentary rock that, under the 

metamorphic -that undergo various pressure and increasing heat of the lower 

dynamic transitions over geological time, crust and mantle, is then either transformed 

altering the composition and appearance of into metamorphic rock or melted to form 

surface terrain. These transitions are magma. If eventually transformed into 

evidence of the rock cycle, a process of magma, then once cooled it will reform as 

erosion, sedimentation, compaction and igneous rock. 

melting, which recycles all of Earth’s rocis Finally, regardless of type, the rock will be 

continuously. This process is possible as at eventually melted and lifted back to the 

the surface of the Earth, whichis surface through the forces generated by the 

Themantleis approximately 6,350 kilometres from the movements of plate tectonics and/or 

highiyvolcanic core, the density of rocks is law and they continental collision, ready to begin the cycle 


are easily changed when pushed from all over again. 
their environment of 
near-equilibrium. ages 
Forexample,asedimentary Hiaaeeee 
mountain face will be exposed 
over time to wind and rain, 
causing it to be eroded and 
broken down into particle 
form. These particles, carried 
downwards to the Earth's 
surface or deep into its crust 
through both caves and 
Mantle tunnels, will be dumped 
Earth's mantle isa dense, upon by fresh sediments, we | | | ae 
intermediate layer thatis mainly slowly burying them deep Giant's Causeway in Northern Island, a fantastical 


Bic lel ta down into the planet. This formation of basalt rock caused by volcanic activity 
contains a large proportion of 


the planet's volume and is split 


into an upper zone of flowing , | 
plastic rock and a lower zone of 0a," Os ce 


rigid rock. Itis highly volcanic. 
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Creation, transformation = ™*=*ensten 
and destruction 


Outer core wail ; Ss Pee cee a) 

Aliquid metal layer, the } ; . | ie i , 
outer core is responsible 
for the generation ofthe 
planet's magnetic fields. 
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Compaction and i ' . Melting 
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ra 


Heat and pressure 





Inner core ae ae Oy 
With a temperature akin to that of ‘ert aes, ae 
the surface of the Sun, the inner Jets 2 ag ea ‘ 
core is responsible for generating 
over 1/s5th ofall the internal heat 

. that flows to the Earth's surface. 
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Caves and 








sub-terranean 


lakes 


Beneath Earth’s 

surface lie amazing 
structures that area 
result of various 
geological processes 
Leaving the surface of the Earth’s crust and 
heading deeper underground, evidence of the 
planet's geological formation and processes at 
this outer layer are best shown in the caverns 
and subterranean lakes that lie within. 
Ranging froma few metres down to-in the 
case of Krubera-Voronja Cave in Georgia - 
multiple kilometres towards the Earth's core, 
our planet is littered with cavern networks 
leading down into the crust. 

There are two main types of cave: 
solutional caves -which contain the majority 
of subterranean lakes - and primary caves. 
Solutional caves are formed when natural 
acids in groundwater seep down into the 
Earth's crust and dissolve any soluble, 
un-dense rocks such as limestone, chalk and 
dolomite. This results ina process of 
dissolution and depositation, where rocks are 
dissolved by a solvent and carried toanew 
position where they are deposited to form 
new rocks. When vast quantities of water 
build up on a cavern’s floor, huge 
underground lakes form. 

Primary caves are formed by volcanic 
activity, when magma cuts massive tubes and 
rifts into the rock, leaving caverns and 
tunnels that can stretch kilometres down into 
the Earth. As with solutional caves, the 
process of primary cave formation involves 
the melting of rocks and minerals in one 
place and carrying them to another position 
to reform. At 65.6km long, the Kazumura cave 
in Hawaii is currently the deepest recorded 
primary cave network in the world, stretching 
farinto the Earth towards the bottom of the 
crust and mantle layer. 


he Tien Son Cave 
raga as aE ayo 
Geom lone 
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‘At 65.6km long, the Kazumura cave 
IN Howail is currently the deepest 
_ primary cave network r recor ded” 









CURRENT DEPTH: 100-700Km 


Earth’s asthenosphere 








and plate tectonics 


Plate tectonics tell us much about the 

x = , 
movement of Earth’s lithosphere 
the core. These plates move relative 
to each other at around 4-10cm per 
year and interact at their 
boundaries, generating volcanic 
activity, earthquakes and new 
terrain. Plate movement is possible 
because between the lithosphere 
and the asthenosphere boundary 





there isa plastic, partially molten me 
zone of detachment. | 

Thanks to modern technology, 
NASA has been able to measure the 
rates of tectonic plate movement 
through radio telescopes, and 
predict what the Earth's land mass 
will look like in the future. 


Earth's lithosphere -the crustand a 
portion of the underlying mantle -is 
broken up into multiple tectonic 
plates that float on and travel over 
the asthenosphere, a lower portion 
of the planet's mantle layer that 
begins roughly 190km down and 
ends approximately jookm towards 





Transform Subduction Divergent Convergent 

The San Andreas Fault is one Subduction boundaries occur Thingvellir in Iceland marks One ofthe most famous 

of the Earth's most notable when two plates push the spot ofa divergent examples of a convergent 
transform boundaries, with together and one dips under (constructive) boundary, boundary, the Himalayas 

the Pacific and North the other. The famous Pacific where the North American were created when the Indian 
American tectonic plates Ring of Fire is the result of and Eurasian plates are and Eurasian plates ground 
erinding past each other, numerous plates meeting. moving slowly apart. into each other. 





WOVE HOWITWORKSOAILY COM 





tarcest PACITIC (103,3x10® kr?) yf American (43.6x10® km?) 


Nyy | Oceanic (52-69mm/yr) SLOWEST mulgesicie (21mm/yr) 
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Earth’s outer core and 
its magnetic fields 
Our planet is surrounded bya 
magnetic field thanks to the 
motions of its outer core 


Beneath the Earth's mantle lies its outer core, an 
electrically conducting liquid layer of mainly iron 
and nickel that through helical motions generates 
an electromagnetic dynamo effect, giving rise toa 
geomagnetic field. Driven by the heat of the inner 
core, Earth’s magnetic field permeates the planet — 
ziving rise to surface magnetism - and a huge 
volume of space surrounding it, where it protects it 
from solar winds. 

Due to the shifting nature of the outer core, the 
planet's magnetic north pole shifts position and 
occasionally flips completely, driven by turbulence 
in the liquid metals. When this field reversal occurs 
-which is infrequent and can range from afew 
hundreds of thousands of years to many millions - 
magnetic north ends up near the geographical 
south Pole in Antarctica. 

The Earth's outer core extends for roughly 2,270 
kilometres, beginning at the end of the mantle 
(2,890km down) and finishing at the start ofthe 
solid inner core (5,100km down). The outer core’s 
radius is almost 3,500km, which is about the size of 
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Solar wind 





; a How Earth's magnetic field 
the enti ré of planet Mars, and the averape fields pro tectit from le 
temperature ranges between 6,700-8,500 F. solarwinds 

= 





Despite having a radius of only 1,220 
kilometres, the Earth’s inner core contains 
one third of the entire planet’s mass 





Bepinning at the end of the Earth's outer 
core —ata depth of about 5,100km - the 
inner core isasuper-dense, insanely hot 
sphere ofiron, nickel, platinum, fold 
and other siderophile (iron-bonding) 
elements, The temperature here inthe 
inner core is postulated to range 
between 8,500-12,100 F, which is 
comparable to the surface of the Sun. 
Indeed, scientists estimate that roughly 
1/5 of all internal heat that flows to the 
surface of the Earth emanates from the 
core’s central reservoir and thatitisalso 
a key player in sustaining the Earth's 
magnetic fields. 

According to research released in the 
last five years, the inner core spins ata 
faster rate than the rest of the planet - 





a - 
ei ela ae 
eee eee eer Rh tt a 
~~ Bee uenel Ta 
“ = ay ae he = ie. 





WEA OO IT WOR KOOATLY COM 


between an extra 0.3 to 0.5 deprees-— 
completing an entire extra fullspin 
over a period of yoo to1,200 years. This, 
ithas been suggested, is due to 
electric and magnetic fields 
penerated in the outer core 
pushing on the metallic inner 
core, driving it like a rotor, 

The iron richness of the inner 
core is the result of planetary 
differentiation, a process where 
in the early stages of a planet's 
formation the extreme heat of the 
environment would cause the melting 
of allsubstances, with the denser 
ones sinking down into the centre and 
the less-dense materials migrating to 
the crust. 
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Among the most aye se eis oceastee Earth 


tsunamis cause catastrophic levels of carnage, - Ms 
unearthing trees, levelling buildings renin te ee 


ro 


How It Works delves to ee bottom of the ocea ve to Wclels 
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Tsunamis form through a complex, 
multi-stage process that emanates 
from the massive energy release ofa 
submarine earthquake, underwater 
or coastal landslide, or volcanic eruption. 

The first stage in this formation begins when 
the tectonic upthrust caused by the quake or 
impul se event causes massive amounts of ocean 
water to be displaced almost instantaneously. 
This action kick-starts a simple series of 
progressive and oscillatory waves that travel out 
from the event's epicentre in ever-widening 
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circles throughout the deep ocean. Due to severe 
levels of energy propagated from the impulse, the 
waves buildinspeed very quickly, reaching up to 
an incredible 500mph. However, due to the depth 
of water, the speed of the waves is not visible as 
they expand to have incredibly long wavelengths 
that can stretch between 60-120 miles. Because of 
this, the wave amplitudes (the wave height) are 
also very small as the wave is extremely spread 
out, only typically measuring 30-60 centimetres. 
These long periods between wave crests - coupled 
with their very low amplitude - also mean that 


they are particularly difficult to detect when out at 
sea. 

Once generated, the tsunami’s waves then 
continue to build in speed and force before finally 
approaching a landmass. Here the depth of the 
ocean slowly begins to reduce as the land begins 
to slope up towards the coastline. This sloping of 
the seabed acts asa braking mechanism for the 
high-velocity tsunami waves, reducing their 
speed through colossal friction between the water 
and the rising earth. This dramatic reduction in 
speed - which typically takes the velocity of the 
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Harbour wave Ancients Brakes Quick draw Monitoring 
In Japanese the word tsunami it was the Greek historian Out at sea tsunamis travel The first part of a tounami to Due to their destructive 
literally translates as ‘harbour Thucydides who first linked F incredibly quickly, often reach land is referred to as a nature, tsunami-related 
wave’, Tsunamis are a frequent tsunamis to earthquahes. clocking up over 5OOmph. This ‘rough’. Here water along the activity is monitored by 
eccurrence iin Japan, with over However, their exact cause speed slows as it reaches the shore recedes dramatically in specialist observation centres 
195 recorded throughout remained speculative until the shoreline, often being reduced amass drawback, exposing such as the Pacific Tsunami 
history so far. 20th Century. to around SOnmph. normally submerged areas. Warning Center lin Honolulu. 
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4, Approach 

Asthe tsunami waves approach the coastline ofa 
landmass they are slowed dramatically by the 
friction of their collision with the rising seabed. As 
the velocity lessens, however, the wavelengths 
become shortened and amplitude increases. 


5. Impact 


Finally, with the wavelength compressed and 
heightened to large levels (often between five and ten 
metres), the giant waves collide with the shore 
causing massive damage. The succeeding outflow of 
water then continues the destruction, uprooting 
trees and washing away people and property. 





1. Tectonic 

Tectonic upthrust in the 

form of earthquakes and : 

ocean floorvelcanoes 2. Build 

cause vast quantities of The energy from the quake orimpulse 3. Travel 

water to be displacedina causes a train of simple, progressive The wavelengths of the tsunami continue to grow, 
very short space of time, oscillatory waves to propagate over with the waves’ periods (the lengths of time for 
feneraling a massive the ocean surface in ever-widening SUCCESSIVE crests or troughs to passa single point) 
amount of energy. circles atspeecs as fastas fo00mph, varying from five minutes tomore than an hour. 
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Effect 

As the tsunami reaches the shore the shallow, long and 
exceedingly fast waves pile up, reducing the wavelength 
and increasing their height dramatically. 


Cause 

Tsunamis initiate when an earthquake causes the 
seabed torupture (bottom centre), which leads to arapid 
decrease in sea surface height directly above it. 
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tsunami to 1/10th ofits original speed 
- also has the effect of reducing the 
length ofits waves, bunching them up 
and increasing their amplitude 
significantly. Indeed, at this point 
coastal waters can be forced to raise as 
much as 30 metres above normal sea 
level in little over ten minutes. 
Following this rise in sea level above 
the continental shelf ja shallow 
submarine terrace of continental crust 
that forms atthe edge ofa continental 
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landmass} the oscillatory motions 
carried by the tsunami are transferred 
into its waters, being compressed in the 
process. These oscillations under the 
pressure of the approaching water are 
then forced forwards towards the 
coast, causing a series of low level but 
incredibly fast run-ups of sea water, 
capable of propelling and dragging 
cars, trees, buildings and people over 
great distances. In fact, these run-ups 
are often responsible for a large 


proportion of the tsunami's damage, 
not the giant following waves. 
Regardless, however, following the 


run-ups the tsunami's high-amplitude 
waves continue to slow and bunchinto 


fewer and fewer megawaves before 
breaking at heights between five and 
ten metres over the immediate 
coastline, causing great damage and 
finally releasing its stored energy. 
Due to the severe hazards that 
tsunamis pose, research into their 


deadly in history 





1. Messina 

The Messina earthquake of 1908 
triggered a large tsunarni 12 
metres high that levelled entire 
buildings and killed more than 
70,000 peoole in Sicily and 
southern Italy, The earthquake 
that generated it measured 7.5 an 
the Richter scale and caused the 
ground to shake for between 20 
and 40 seconds. 





2. The Valdivia 
earthquake 

The Valdivia earthquake of 
1960 caused one of the mast 
damaging tsunamis of the 20th 
Century, Thousands of people 
were killed by it and it stretched 
25 far as Hilo, Hawaii. Measuring 
5.5 on the Richter scale, the 
earthquake caused waves up 
to 25 metres to assault the 
Chilean coast. The earthquake 
also triggered landslides and 
valcanic eruptions. 





3. Lituya Bay 

After an earthquake caused a 
landslide at the head of Lituya 
Bay, Alaska, in July 1958, a 
massive tsunami was generated 
measuring over S24 metres in 
height, taller than the Empire 
State Building. Amazingly, 
despite the awesome height 
of the tsunarni, only two 
tishermen operating in the bay 
were killed by it, 
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® causes and tracking of their formation has increased 
throurh the 20th and 21st Centuries. Currently, the 
world’s oceans are monitored by various tsunami 
detection and prevention centres, suchas the NOAA 
(National Oceanicand Atmospheric Administration) run 
Pacific Tsunami Warning Center (PTWC) based in 
Honolulu, Hawaii. 

set up back in1949, the PTWC utilises a series of 
tsunami monitoring systems that delivers seismicand 
oceanographic data to it ona daily basis, with 
information transferred to itand other stations by 
satellite connection. This is one of two American-run 
centres that monitors the Pacific Ocean and it is 
responsible for detecting and predicting the size and 
target of any approaching tsunamis. 

Tsunami prevention has also seen advances as 
construction techniques and materials have developed 
over the past century. Now areas that are prone to 
tsunamis, such as Japan’s west coast, are fitted with 
large-scale sea walls, artificial deep-sea barriers, 
emergency raised evacuation platforms and integrated 
electronic warning signs 
and klaxons in coastal resorts and ports. 

Areas that have been affected by tsunamis in the past 
are also fitted with physical warning signs and have 
specific evacuation routes that best allow for large 
numbers of people to quickly move inland, 
Unfortunately, however, despite many advances being 
made to ensure prone areas 
are protected and warned 
in advance, due to the transcontinental nature of 
generated tsunamis, remote or under-developed areas 
are still affected regularly, the consequences of which 


have been recently shown in the disastrous 2004 tsunami 


in the Indian Ocean that claimed over 200,000 lives. 


Per Atsunamiearly-detection * al 
buoy is removed from the : 
~ ocean for maintenance — 
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“Due to severe levels of energy 
propagated from the impulse, the 


SSN is OS 6Se8)) waves build in speed very quickly” 





The DART Il tsunami 
detection system 


Introducing the system and technology that aids 
scientists in detecting upcoming tsunamis 


Sf 2. Buoy 
The system's buoy floats on the surface of 
the ocean and monitors upper level 
conditions. In addition to this, italsoacts 
asa data relay for its ownand the seabed 
monitor's recorded information, sending it 
| tothe system's satellite. The buoy is 
j : anchored in place with dual3,o00km 
weirhts, attached to its submerged base, 

4. Satellite 


Information from the surface 
buoy and monitor is relayed to 
the satellite, which in turn 
directs itdown tothe area's 
tsunami observation and 
research centre, 





5. Ground station 
Scientists al the pround station then interpret 





the data and convertit into computer models. 3 

It the information leans towards the 5 eiStie eer SENS 
robability of a possible tsunamiawarnin | = 

LS RL 5 Fo attached to the ocean floor, 






Ri ictal ein Ot. tsunami detection systems also 
include numerous other sensors for 

monitoring its surrounding 
environment of which the causes of 
tsunamis can alfect. These include 
surface water temperature and 
conductivity, air temperature and 


humidityand wind speed. 


¥ 1. Monitor 
The first part ofthe system isa 

monitor on the seabed that 

records the sea pressure every 

couple of minutes. Any unusual or 

spiked results triggerincreased 
frequency readings and increased 
communications with the 

system's floating sea buoy. 
Communication occurs through 

fA, bi-directional acoustic telemetry. 


The devastated Marina | 
in Chennai after the! 
Ocean tsunami struck 


Atsunami emergency 


ch evacuation platform in japan 


beach 
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Claiming the lives of over 
200,000 people, the Indian 
Ocean tsunami of 2004 
was literally off-the-scale 
in terms of both damage 
and destruction 


On 26 December 2004, an undersea 
megathrust earthquake caused a huge 
earth subduction and triggered aseries 
of devastating tsunamis that ravaged 
almost all landmasses bordering on 
the Indian Ocean, killing over 230,000 
people in14 different countries. The 
hypocentre of the main earthquake 





below the area’s mean sea level. Here, a 
massive rupture in the ocean floor 
caused massive tectonic plate 
movement -an event felt as far awayas 
singapore —as well as the creation of 
numerous secondary faults that 
elevated the height and speed of 
generated waves to titanic levels. 


total of 1.1x10' joules of energy. This 
level of energy release was comparable 
to 26.3 megatons of TNT, over 1,502 
times the energy released by the 
Hiroshima atomic bomb. Indeed, the 
rupture was so severe that the massive 
release of energy was 50 great it slightly 
altered the Earth's rotation, causing it 


around the earthquake zone witha 
multi-beam sonar system, itrevealed 
that it has drastically altered its 
topography. The event has caused 
1,4500Mm ridges to collapse into massive 
landslides kilometres long. The 
momentum of the water displaced by 
tectonic upshift had also dragged 


was approximately 100 miles off the 
western coast of northern Sumatra and 
emanated from the ocean floor19 miles 


The fallout from the earthquake and 
resulting tsunami was the worst for 
over 50 years, with the event releasing a 


to wobble on its axis by up to 2.5cm. 
Further, when the British Royal Navy 
vessel HMS Scott surveyed the seabed 


massive million-ton rocks over 1okm on 
the seabed and an entirely new oceanic 
trench had been exposed. 















™ After 
| Antkonos satellite taken on29 December aon4, 
three days after the tsunami struck. As can beseen 
now, almost all ofthe immediate coastline has been 
completed submerged underwater and the huge, 
lush plains of vegetation have been severely 

“ P2@ encroached upon and washed away. Many 

ag _ iB buildings have also been submerged or destroyed. 
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An lkonos satellite image of part of the northern 
coast of Aceh province, Sumatra, Indonesia before fy 
the2oo4 tsunamistruck. As shown, the land is 
covered in lush green vegetation and is modestly 
populated with buildings. 
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